Summary. Anti-zona 
Introduction
An assessment of the ability of antibodies to interfere with the union of male and female gametes during fertilization may be of significance in elucidating the role played by immuno¬ logical factors in the aetiology of infertility and in developing an immunological approach to contraception. It is the purpose of this article to consider these topics and, in particular, to examine the capacity of anti-zona and anti-sperm antibodies to disrupt the sequence of spermegg interactions that constitute the fertilization process.
Anti-zona antibodies
The zona pellucida is a translucent acellular glycoprotein shell which is deposited around the oocyte during folliculogenesis and serves (a) to bind spermatozoa during the early stages of fertilization, (b) to participate in the block to polyspermy in certain species, e.g. the hamster, and (c) to protect and isolate the embryo during the preimplantation stages of development. The idea of using this structure as a target for a contraceptive vaccine first evolved when it was discovered that the exposure of unfertilized hamster eggs to antisera raised against aqueous extracts of homologous ovarian tissue effectively blocked their ability to become fertilized in vitro (Shivers, Dudkiewicz, Franklin & Fussell, 1972) . Subsequently numerous studies of similar design have confirmed the antifertility activity of heteroimmune anti-ovary antisera in rats (Tsunoda & Chang, 1976a ) and mice (Jilek & Pavlok, 1975; Tsunoda & Chang, 1977) . The inhibitory effects of these antisera can be neutralized by absorption with aqueous ovarian extracts in the hamster (Oikawa & Yanagimachi, 1975) , mouse (Tsunoda & Chang, 1976b) and rat (Tsunoda & Chang, 1976a) . In contrast, absorption with somatic tissues does not reduce their efficacy in mice (Tsunoda & Chang, 1977) and hamsters (Oikawa & Yanagimachi, 1975) , indicating that, in these species at least, specific ovarian antigens are involved in eliciting the formation of those antibodies responsible for the induction of infertility.
The probable nature of these ovarian antigens was revealed when it was observed that the most antigenic component of the ovary is the zona pellucida in the rabbit (Sacco & Shivers, 1973) , hamster (Oikawa & Yanagimachi, 1975) , guinea-pig (Porter, Highfill & Winovich, 1970) , mouse (Glass & Hanson, 1974) , rat (Tsunoda & Chang, 1976a) , cow (Shivers, 1974) , pig (Sacco, 1977) and man (Sacco, 1977) . Subsequent to these observations more specific antisera have been prepared against cumulus-free mouse ova (Tsunoda, 1977) , mechanically isolated mouse zonae pellucidae (Tsunoda & Chang, 1978) and heat-solubilized hamster zonae (Gwatkin, Williams & Carlo, 1977) and shown to be potent inhibitors of fertilization in vitro. Such antisera appear to achieve their inhibitory effects in vitro by preventing both the binding of spermatozoa to specific receptor sites on the zona pellucida and the subsequent penetration of spermatozoa through to the perivitelline space (Aitken & Richardson, 1981) . The inhibition of sperm binding appears, in turn, to be due to the ability of anti-zona antibodies to induce the formation of a precipitate on the outer surface of the zona pellucida (Table 1, PI. 1, Fig. 1 ) (Shivers et ai, 1972; Jilek & Pavlok, 1975; Aitken & Richardson, 1981 (Nicolson, Yanagimachi & Yanagimachi, 1975) . The presence of these carbohydrate groups at the zona surface presumably enhances the immunogenicity of this region so that when antisera are raised against intact zonae pellucidae a majority of the antibodies are directed against these surface components. The terminal saccharide groups presumably play no part in the sperm binding capacity of the zona since spermatozoa will bind avidly to both the inner and outer surfaces of isolated zona fragments These findings have important implications with respect to the strategy we employ to develop an anti-zona vaccine for fertility regulation. The anti-fertility activity of most, if not all, the anti-zona antisera tested to date (Aitken & Richardson, 1981 ) is due to antibodies raised against highly antigenic surface components which are adjacent to, but not equivalent to, the receptors for spermatozoa. Since the sperm receptor present in hamster zonae pellucidae is sensitive to trypsin treatment (Gwatkin, 1977 ) and yet stable when heated to 100°C , it is possible that these structures are small molecular weight proteins or peptides which consequently exhibit little antigenicity. However, it is the predicted small size of these receptors and, in particular, their critical biological activity that makes them such ideal targets for contraceptive purposes. The isolation of these components and the production of specific antisera directed against them are therefore important tasks for the future.
Despite their inefficient mechanism of action antisera raised against intact zona pellucida antigens are, nevertheless, potent inhibitors of fertility in vivo as well as in vitro. Hence passive immunization of hamsters (Oikawa & Yanagimachi, 1975; Tsunoda & Chang, 1976a) , mice (Jilek & Pavlok, 1975) and rats (Tsunoda & Chang, 1976a) with either whole antisera, or crude -globulin preparations, raised against aqueous ovarian extracts, has been found to be extremely effective in blocking fertility. In addition, intraperitoneal injections of -globulin preparations directed against cumulus-free mouse eggs or mechanically isolated zonae pellucidae are equally effective at inhibiting fertilization in vivo (Tsunoda & Chang, 1978; Sacco, 1979) . One remarkable feature of such passive immunization procedures is the prolonged suppression of fertility observed after the administration of a single injection of antiserum. Oikawa & Yanagimachi (1975) observed that the fertilization of hamster oocytes was completely blocked for 12 days after the passive administration of an anti-ovary -globulin preparation and that fertility was partly suppressed for a further 16 days. Single administrations of specific antisera produced against mechanically isolated mouse zonae pellucidae have also been shown to block fertilization for 24-30 days (Tsunoda & Sugie, 1977; Sacco, 1979) . The prolonged activity of anti-zona antibodies in vivo appears to be due to their ability to bind to the zonae surrounding follicular as well as ovulated oocytes (Oikawa & Yanagimachi, 1975 (Aitken & Richardson, 1981) . Hence, the zonae pellucidae encapsulating oocytes recovered from passively immunized animals invariably exhibit both the presence of a surface precipitate and an increased resistance to digestion by lytic agents (Oikawa & Yanagimachi, 1975; Tsunoda & Chang, 1976a , b, 1978 .
Active immunization procedures are also effective at inducing a state of infertility in association with high anti-zona antibody titres. The development of such active immunization models has been facilitated by the existence of a considerable degree of cross-reactivity between the zona antigens of different mammalian species. As an example, cross-reactivity has been demonstrated between rat and mouse zonae pellucidae by indirect immunofluorescence, complement fixation and immunoprecipitation techniques (Aitken & Richardson, 1981) . In addition, similarities appear to exist in the conformation of the sperm binding sites between these species since mouse spermatozoa will bind avidly to rat zonae and vice versa ( fig. 2b ). If antibody titres remained high for more than 5 months the immunized animals never conceived despite repeated matings (Text- fig. 2a ). , while antisera raised against mechanically isolated bovine or murine zonae pellucidae will bind avidly to marmoset zonae (R. J. Aitken & M. Hulme, unpublished observations; PI. 1, Fig. 4 ). The completion of such studies will provide valuable information on the correlation between infertility and anti-zona antibody titres, the duration and reversibility of the infertility induced and the presence or absence of harmful side effects. Such primate studies will also, of course, bring us one step closer to such procedures for man. The ultimate demonstration of the feasibility of this approach to contraception in our own species, however, would be to identify cases of infertility in which the cause could be related to the presence of circulating anti-zona antibodies. One such study (Mori et al, 1979) , employing the ability of human immunoglobulins to bind to porcine zonae as the method of assessment, has claimed that about 15% of the infertile women investigated possessed such antibodies. This report will have to be confirmed using more precise detection methods but as it stands this result is extremely encouraging.
The possibility of developing an anti-zona vaccine will also depend, to a large extent, on the nature of the antigens responsible for the induction of infertility. The large-scale administration of heterologous antigens for contraceptive purposes would seem impractical and hence the only alternative will be to synthesize artificial analogues of the critical zona components. The carbohydrate-rich surface antigens responsible for the induction of infertility when intact zonae are used as the immunogen are rich in D-galactose and /V-acetyl-D-glucosamine residues. A detailed study of the biochemical composition of porcine zonae pellucidae has revealed that 2 of these surface antigens have sub-unit molecular weights of between 50 000 and 70 000 (Dunbar & Raynor, 1980) . Further characterization of these constituents is in progress and valuable information on their molecular configurations should become available. We can PLATE 1 Fig. 1 . Induction of a precipitate on the outer surface of a cow zona pellucida by an antiserum raised against isolated cow zonae pellucidae. Fig. 2 . Binding of mouse spermatozoa to both sides of isolated mouse zona fragments. Fig. 3 . Inhibition of sperm binding to the outer but not the inner surface of mouse zona fragments in the presence of antibodies raised against isolated mouse zonae pellucidae. Fig. 4 . Indirect immunofluorescence of a marmoset zona pellucida treated with an antiserum raised against isolated cow zonae pellucidae.
anticipate, however, that the difficulties encountered in producing synthetic analogues of such large molecules, the immunological uniqueness of which depends upon a 3-dimensional conformation (Dunbar & Raynor, 1980) , are likely to prove insurmountable. A possible solution to this problem might be to focus on the components of the zona responsible for its sperm binding capacity which, for reasons given earlier, are likely to be much smaller molecules than the surface glycoproteins.
Anti-sperm antibodies
Since the original discovery of autoantibodies directed against sperm antigens in infertile men by Wilson (1954) and Rumke (1954) controversy has raged not as to the existence of such antibodies but rather their role in the aetiology of infertility. The extreme expression of this autoimmunity syndrome is the large scale agglutination of spermatozoa due to the presence of high concentrations of anti-sperm IgG in seminal plasma. In such circumstances there can be no doubt that these antibodies are the causative factors underlying the infertility syndrome since their presence effectively reduces the number of free motile spermatozoa in the ejaculate. The problem for the clinician has been in determining whether (1) low concentrations of anti-sperm antibodies in seminal plasma, which do not induce large-scale autoagglutination, impair the fertilizing capacity of spermatozoa and (2) isoantibodies in the female partner play any role in the aetiology of infertility; existing information is contradictory in both these areas (Rumke, 1974; Shulman, 1974; Alexander, 1977) . These problems have arisen partly because the groups of patients examined by certain authors have been inadequately controlled and/or categorized and partly because of defects in the tests used to detect the presence of antibody (Shulman, 1974 Table 4 , the antibody titres are given for 2 antisera, one heterologous and one homologous, assayed by 5 separate methods. The titres obtained vary from 1:80 to 1:10 240 for the heterologous antiserum and from undetectable levels to 1:1024 for the homologous antiserum according to the assay method used. In order to unravel the possible role that immunological factors might play in the induction of infertility, it will first be necessary to determine the most appropriate test for measuring anti-sperm antibody titres, i.e. to ascertain which of the techniques described in Table 4 yields the most accurate information on the relative ability of these antisera to interfere with the fertilizing capacity of spermatozoa. An experiment was therefore designed in which homologous and heterologous antisera were examined for anti-sperm antibodies The measurement of fertilizing capacity was the zona-free hamster egg penetration test first described by Yanagimachi, Yanagimachi & Rogers (1976) . In this procedure, freshly ovulated hamster eggs are stripped of their zonae by treatment with 0-1% trypsin and then exposed to suspensions of capacitated spermatozoa. Naked hamster oocytes prepared in this way can be penetrated by spermatozoa from a variety of species, including the rat, mouse (Hanada & Chang, 1972 , guinea-pig (Yanagimachi, 1972) , boar (Imai, Niwa & Iritani, 1977) , rabbit, deer mouse (Hanada & Chang, 1978) and man (Yanagimachi et ai, 1976 (Yanagimachi, 1977) . A comparison of the antibody titres obtained for 6 anti-sperm antisera (5 homologous, 1 heterologous) and their relative antifertility activity in the zona-free hamster egg penetration test is given in Table 6 . It is clear from these results that only the Franklin-Dukes tube-slide test gives results which bear any resemblance to the relative ability of the respective antisera to inhibit the fertilizing capacity of human spermatozoa. A second finding to come out of this study was the amplifying effect of complement. For example, the ability of a heterologous rabbit anti-sperm antibody to inhibit the fertilizing capacity of human spermatozoa significantly was increased from a titre of 1:160 to 1:320 by the addition of complement. Similarly, the antifertility activity of an homologous antiserum (WHO 106) was increased from 1:40 to 1:60 when complement was present in the incubation medium. Since complement is present in the secretions of the female reproductive tract, these findings emphasize the importance of including this factor in any in-vitro assessment of the activity of anti-sperm antibodies. The correlation observed between the results obtained with the tube-slide test and the serum dilution at which the fertilizing capacity of human spermatozoa was inhibited may be related to the fact that this test is particularly sensitive for antibodies directed against the sperm head (Boettcher, Hjort, Rumke, Shulman & Vyazov, 1977) . In the presence of complement such antisera would be expected to damage the plasma membranes overlying the sperm head, thereby interfering
